The 15q11.2 BP1-BP2 region is found duplicated or deleted in people with cognitive, language, and behavioral impairment. Case presentation. We report on a family (the father and three male twin siblings) who presents with a duplication of the 15q11.2 BP1-BP2 region and a variable phenotype: whereas the father and the fraternal twin are normal carriers, the monozygotic twins exhibit severe language and cognitive delay and behavioral disturbances. The genes located within the duplicated region are involved in brain development and function, and some of them are related to language processing.
INTRODUCTION
The probands are three twin brothers (one fraternal twin [ 
Language and cognitive development
Early developmental milestones were achieved normally by the three children,
including head control and the ability to sit without aid and to walk. Nonetheless, their parents and pediatricians soon reported significant developmental differences between the two monozygotic twins and the fraternal twin, including absence of speech, lack of interest in the social environment, and motor disturbances. Differences were prominent at age 7;8, when the global development of the three siblings was compared using the Spanish version of the Battelle Developmental Inventories (figure 1). Below we provide a detailed report of the cognitive and linguistic profiles of the three children. 
MZ1 and MZ2
Subsequent developmental stages were achieved later by the two monozygotic twins.
At age 2;11 both children exhibited lack of sustained attention and motor disturbances.
Language was substantially delayed, to the extent that they only uttered by-syllabic babbling with no evident communicative intention. The two boys only interacted with their closest relatives. They were diagnosed with lack of attention, restlessness, and language delay according to the 9 th edition of the International Statistical Classification of Diseases and Related Health Problems (ICD-9).
In order to follow up in detail their global development, the Spanish version of the Battelle Developmental Inventories was administered at ages 3;5, 5;2, and 7;8. The resulting scores were suggestive of a broad developmental delay (which did not ameliorated or exacerbated over the years) impacting mostly on their language abilities. Accordingly, communication skills were severely impaired; cognitive, personal-social, and adaptive abilities were impaired; and motor skills were the less affected area Abbreviations: DA, developmental age; CA, chronological age.
At age 3;5 repetitive behaviour was observed in both children. Although the screening with M-CHAT yielded a positive score, both MT1 and Mt2 were reported to interact normally between them and with their parents, although they didn't interact with other peers or adults. Gaze following was observed and no obsessive or stereotyped behaviours were reported. In turn, cognitive abilities were found to be severely impaired. Although the kids were able to recognize aspects of their surroundings, like common foods, they were unable to discriminate among colours, sounds, or tactile sensations. Basic concepts like 'small/big' or 'inside/outside' had not been acquired yet. Language development was seriously delayed. Bi-syllabic babbling was still observed and the children were unable to utter single words. Comprehension was severely impaired, to the extent that they barely understood their own names. Indexical pointing was still absent. Their diagnosis according to the ICD-10 was severe mental delay (F.72). In turn, the children's motor abilities were quite spared, and they were able to run, jump, throw, and move their arms and legs (still, grasping was absent).
From age 3;2 both children started to attend a general education unit, and also to receive speech therapy 4 times a week following an Applied Behavior Analysis (ABA) paradigm (Baer et al. 1968 , Sulzer-Azaroff & Mayer 1991 . No major changes at the cognitive, language, and behavioral levels were observed from ages 3 to 4. At age 4, both twins were moved to a special education unit at the general school. At that moment language was still severely delayed. Communicative intentionality was not observed yet. They were unable to attend verbal commands. Speech therapy was also provided at school.
At age 5 stereotyped behaviour and restricted interests were observed, supporting the presence of autism. Auto-stimulatory behaviour was also reported, as well as lack of sustained attention, and motor hyperactivity. Regarding their communicative abilities, auxiliary gestures were not observed and both children were still unable to understand verbal cues or instructions. Their diagnosis according to the ICD-10 was ASD (F.84.1) and severe mental delay (F.72).
At age 6 intentionality was observed in some verbal interactions and both children seemed to understand simple verbal commands. Deictical indexing was also reported.
In order to improve their verbal abilities, the Picture Exchange Communication System (PECS) (Brondy and Frost 1998) was introduced by the speech therapist at school. This is an augmentative system intended to provide the child with a self-initiating, functional communication system. The system makes use of simple icons that are arranged in "sentence" structures, with a focus on requesting instead on responding or commenting.
Both children started to use single words for requesting, although some differences between HT1 and HT2 were observed. Accordingly, HT1 only completed the phase 2 of PECS (Expanding Spontaneity), while HT2 was able to complete the phase 3 (Picture Discrimination). Some differences were observed in their behaviour too. Accordingly, HT1 was more defiant, but less aggressive than HT2; self-hurting was reported in HT2 only.
From age 7 some regression was observed in both children at the behavioral level, with an impact on their language abilities. Stereotypies and restricted interests, and aggressive behaviour was reported of HT1, whereas inattention problems were observed in HT2. At present both twins have been moved to a specialised school for disabled children.
Fraternal twin
Early in childhood parents reported language delay, particularly in the expressive domain, and the child received speech therapy until age 4 to improve verbal expression, and speech fluency and articulation. At age 3 he commenced attending a general school.
At that moment his speech was impaired and he suffered from articulatory problems and apraxia. The child employed an unintelligible jargon with their peers and seemed unable to understand simple commands, which suggests that he suffered from some deficit in comprehension too. Nonetheless, these problems disappeared with time and evidence of language delay was not observed from age 5 onwards. Also, no delays or deficits were reported regarding his broad cognitive development and the achievement of instrumental abilities. In order to evaluate his global development in detail, the Spanish version of the Battelle Developmental Inventories was administered at age 7;8.
The proband scored like typically-developing children in all domains ( Figure 3A) .
Psycholinguistic development was assessed in more detail with the Spanish version of the Illinois Test of Psycholinguistic Abilities (ITPA) and with the verbal component of the Spanish version of the WISC-IV. In the ITPA the child scored 306, showing a composite psycholinguistic age of 9;1, well above his chronological age. However, his profile was quite irregular, with marked strengths and weakness, particularly in the automatic domain, in which he scored the lowest in the grammar closure test, which evaluates the ability to add missing grammatical components to a given sentence ( figure   3B ). In the WISC-IV the proband scored 10 in the Verbal Comprehension Index (VCI), with lower scores in Similarities and higher scores in Comprehension and Information 
Molecular Cytogenetic Analysis
Routine molecular cytogenetic analyses of the three children were performed at age 3. The core BP1-BP2 region contains four genes (TUBGCP5, CYFIP1, NIPA2, and NIPA1) involved in behavioral and neurological function, which are expressed biallelically (Chai et al. 2003) . As reviewed by Picinelli et al. (2016) , TUBGCP5 has been related to Attention Deficit-Hyperactivity Disorder (ADHD) and Obsessive-Compulsive Disorder (OCD); CYFIP1 encodes a protein that interacts with FMRP, the main determinant for Fragile X Mental Retardation syndrome; and NIPA1 has been linked to autosomal dominant hereditary spastic paraplegia. No patient bearing a single duplication of any of these genes is found in DECIPHER. Nonetheless, stronger links between some of these genes and language (dis)abilities are expected to exist.
Accordingly, a common variant of CYFIP1 has been recently associated with inter-individual variation in surface area across the left supramarginal gyrus, a brain area involved in language processing, and the gene is predicted to be regulated by FOXP2, a well-known gene important for speech and language (Woo et al. 2016 ).
The three children in our study also bear a partial duplication of the gene DUSP22¸
involving the proximal part of the promoter and the first exon, which is also found in their mother. This duplication has been reported as common polymorphism in the normal population, but might underlie differential susceptibility to disease (Iafrate et al. 2004, suppl. Nonetheless, we cannot rule out the possibility that a change in the amount of DUSP22 due to the partial duplication of the gene contributes to the language deficits found in the three siblings at the initial stages of development, considering that the mother scored below the mean in the tasks evaluating verbal comprehension.
CONCLUSIONS
Although the exact genetic cause of the language and cognitive impairment exhibited by two of our probands remains to be fully elucidated, we believe that the duplication of the genes at 15q11.2 discussed above may explain most of their deficits and clinical problems. Comparisons with the genetic background of their unaffected brother and father will help clarify the variable manifestation of the duplication of this region. We expect that this familiar case contribute as well to a better understanding of the genetic underpinnings of the human faculty for language.
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